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The launch-site effect, a systematic variation of within-word landing position as a function of launch-site
distance, is among the most important oculomotor phenomena in reading. Here we show that the
launch-site effect is strongly modulated in word skipping, a ﬁnding which is inconsistent with the view
that the launch-site effect is caused by a saccadic-range error. We observe that distributions of landing
positions in skipping saccades show an increased leftward shift compared to non-skipping saccades at
equal launch-site distances. Using an improved algorithm for the estimation of mislocated ﬁxations,
we demonstrate the reliability of our results.
 2010 Elsevier Ltd. All rights reserved.1. Introduction
The control of eye movements during reading (Rayner, 1998,
2009) is constrained by boundary conditions of the oculomotor
systems. Most theories on eye movements in reading assume that
readers aim at word centers to ﬁxate at optimal viewing positions
(OVP) within words (O’Regan & Lévy-Schoen, 1987; Radach &
Kennedy, 2004; Rayner, 1998; Reichle, Rayner, & Pollatsek, 1999;
Reilly & O’Regan, 1998). However, landing positions within words
turned out to be surprisingly broad (Rayner, 1979) and can be well
approximated by normal distributions with tails truncated at word
boundaries (McConkie, Kerr, Reddix, & Zola, 1988). Furthermore,
landing distributions show a pronounced peak, which is typically
located halfway between word beginning and word center, i.e.,
there is a systematic tendency for the eyes to move to a preferred
viewing location in reading (O’Regan, 1990; Rayner, 1979).
Most important for the current study, McConkie et al. (1988)
found that within-word landing positions vary systematically as
a linear function of the saccades’ launch-site distances, i.e., the dis-
tance between the pre-saccadic ﬁxation location and the begin-
ning of the target word. More speciﬁcally, a leftward shift of the
mean landing-site with a magnitude of half a character space
was observed for each letter increment of the saccade’s launch-
site distance. Interestingly, this launch-site effect interacts hardly
with target word length, if the distances between launch-sites
and landing sites are measured relative to word centers. Therefore,ll rights reserved.
dam, Department of Psychol-
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el).mean landing positions within words can be described by a
linear landing-position function (Radach & McConkie, 1998) of the
form
DOVP ¼ k  ðL0  LÞ; ð1Þ
where L is the center-based launch-site distance and the resulting
within-word mean landing position is given by DOVP as the average
displacement from the word center. A negative value of DOVP indi-
cates a leftward shift (undershoot) and a positive value indicates a
rightward shift (overshoot) from the word center. The parameter L0
in Eq. (1) was denoted as the point of equality by McConkie et al.
(1988), because L0 represents the optimal center-based launch-site
distance, where the average displacement, DOVP, from word center
vanishes. The slope parameter k is a quantitative measure for the
strength of the launch-site effect. McConkie et al. (1988) and
Nuthmann, Engbert, and Kliegl (2005) reported an estimated slope
of about 0.5 letter positions for readers of English and German texts
respectively, i.e., for an increase of the launch-site distance L by one
letter, the mean landing position moves half a letter from the word
center in the direction of the displacement of L from L0.
Based on their results, McConkie et al. (1988) argue in favor of
two independent oculomotor error components, a random oculo-
motor placement error and a systematic saccadic-range error. The
random placement error is assumed to reﬂect perceptuo-oculomo-
tor inaccuracy in the execution of eye movements and adds
random variability to the ﬁnal eye position, which can be approx-
imated by a Gaussian function. McConkie et al. (1988) and
Nuthmann et al. (2005) reported a non-linear increase of the
random error component for increasing launch distances.
1 Note that the shortest word length in German is two characters. Together with
adjacent spaces to the left and to the right of a two-letter word, the skipping of an
intervening 2-letter word requires a minimal launch-site distance of 5 letters to the
left of the beginning of the target word.
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contingent mean shift of landing positions, which was explained
by McConkie et al. (1988) as a very general motor phenomenon
of the range-error type (Poulton, 1974, 1981). The range-error con-
cept postulates a fundamental tendency in human motor systems
to bias directed motor movements towards a mean amplitude,
which causes systematic undershoots of distal target locations
and systematic overshoots of close target locations. Experimental
evidence for a saccadic-range error in simple oculomotor targeting
was reported by Kapoula (1985; see also Kapoula & Robinson,
1986), who demonstrated that participants slightly overshot close
targets and undershot targets that were farther away than on
average.
Following McConkie et al.’s (1988) important observations, cur-
rent models of eye-movement control in reading incorporated the
saccadic range-error principle to account for landing-position dis-
tributions within words (e.g., Engbert, Nuthmann, Richter, & Kliegl,
2005; Reichle, Warren, & McConnell, 2009; Reichle et al., 1999;
Reilly & Radach, 2006). In a typical computational model, the word
center is selected as the saccade target, but is modulated by the
saccadic-range error and an additional random error component
(see Reichle, Rayner, and Pollatsek, 2003, for an overview).
The range-error concept was called into question by some
authors. Most importantly, several oculomotor studies showed
that saccadic landing positions are modiﬁed by the presence of
additional visual stimuli other than the saccade target (Coeffe &
O’Regan, 1987; Deubel, Wolf, & Hauske, 1984; Findlay, 1982; Vitu,
1991, 2008; Vitu, Lancelin, Jean, & Fariolia, 2006). Basically, these
results demonstrate that the eyes were systematically deviated
from a speciﬁc target location and land at an intermediate position
between the distracter and the target. These results suggested the
existence of low-level perceptual inﬂuences, which are called cen-
ter-of-gravity effect or global effect, on saccade planning and/or exe-
cution. Since the visual distracter-target conﬁguration of the word
material in reading varies with the selection of a speciﬁc target
location for the next eye movement, the center-of-gravity effect of-
fers an alternative explanation for the launch-site effect in reading.
The motivation for the present study was to investigate the
launch-site effect in the case of skipped words to ﬁnd deviations
from predictions of the saccadic-range error. Compared to a simple
forward saccade (from word N to the next word N + 1), the physical
conﬁguration of words is very different in word skipping (i.e., a
saccade from word N to word N + 2). Due to varying lengths of
words N and words N + 1, launch-site distances overlap consider-
ably between both cases. We use data from a large eye-movement
corpus (Kliegl, Nuthmann, & Engbert, 2006; see Section 2 for de-
tails) to investigate the launch-site effect in word skipping quanti-
tatively. Limits of the range-error concept as an explanation of the
launch-site effect in reading will turn out in the observed differ-
ences in landing-position distributions between normal forward
saccades and word skipping (Section 3).
There was a previous study reporting a leftward shift of landing
positions after word skipping by Radach and McConkie (1998). In
addition to Radach and McConkie’s (1998) incidental ﬁnding, we
provide a fully quantitative analysis of the launch-site effect, which
addresses the problem of mislocated ﬁxations. As already
mentioned by McConkie et al. (1988), experimental results on
eye-movement data might be biased by the presence of mislocated
ﬁxations (i.e., saccades landing on word N, which were intended to
target neighboring words). More technically, mislocated ﬁxations
are due to overlapping landing-position distributions from adja-
cent words. Recent progress on the estimation of the prevalence
of mislocated ﬁxations demonstrated that about 15–20% of all sac-
cades land on unintended words (Engbert & Nuthmann, 2008;
Engbert, Nuthmann, & Kliegl, 2007; Nuthmann et al., 2005). An
application of these estimation techniques to the problem of wordskipping will be used to demonstrate the reliability of our results
(Section 4).
2. Experiments and methods
2.1. Participants
Analyses are based on eye-movement corpus data from nine
experimental or quasi-experimental samples (Potsdam Sentence
Corpus; PSC), reported in Kliegl et al. (2006). A total of 275 adults
participated in the respective reading experiments. Age ranged
from 16 to 84 years; all participants reported normal or cor-
rected-to-normal vision. Subjects were paid 5–7 Euros or received
study credit in exchange for participating in a 45–60-min session.
2.2. Apparatus, materials and procedure
Participants were seated in front of a computer screen with
their heads supported on a chin rest. Immediately after the presen-
tation of 10 practice sentences, 144 sentences appeared one after
another on the horizontal center line of the computer display
(comprising a total of 1138 words). Readers’ eye movements were
recorded binocularly with sampling rates of either 250 Hz or
500 Hz (due to SR Research Eye Link I or Eye Link II recording sys-
tems). Calibrated ﬁxation positions were logged with absolute gaze
error less than 0.5 of visual angle (corresponding to about one
letter).
2.3. Data pre-processing and curve ﬁtting
Saccades were detected using a velocity-based algorithm
(Engbert & Kliegl, 2003; Engbert & Mergenthaler, 2006). Only ﬁxa-
tions from ﬁrst-pass reading were used for subsequent analyses.
Moreover, ﬁrst and last ﬁxations in sentences and ﬁxations on ﬁrst
and last words of sentences were excluded. As a result the data set
contained a total of 196,582 valid ﬁxations. (For a more detailed
description of experimental procedure and data pre-processing
see Kliegl, Grabner, Rolfs, & Engbert, 2004; Kliegl et al., 2006.)
Truncated Gaussian curves were ﬁtted on within-word ﬁxation
positions depending on word length, launch-site distance and sac-
cade type using a grid search procedure (mean values and standard
deviations were varied with a step size of 0.1 letter units).
3. Landing locations in word skipping
3.1. Landing-position distributions
A ﬁrst glance at the distributions of within-word landing
positions indicates qualitative differences between skipping and
non-skipping cases. As an example, Fig. 1 presents landing-position
distributions on 4-, 6-, and 8-letter words in simple forward sac-
cades (gray, solid line) and in skipping saccades (black, dashed
line) for launch-site distances of 5–8 letter positions to the left of
the beginning of the target word.1 Without exception, we found
increased left-shifts of landing-position distributions in skipping
saccades compared to simple forward saccades, although the corre-
sponding saccades are launched from equidistant ﬁxation positions.
Based on ﬁts of Gaussian curves to the highly left-shifted landing-po-
sition distributions in skipping saccades, we obtained mean landing
positions which often fall outside (to the left of) the word bound-
aries. Different from skipping cases, mean landing positions in
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Fig. 1. Distributions of within-word landing positions in simple forward saccades and in skipping saccades. Numbers along the horizontal axes indicate within-word
character positions from the ﬁrst to the last letter of the target word. The space to the left of the target word is denoted as letter position 0. Launch-site distance (negative) is
computed as the number of letters between the launch position and the ﬁrst letter of the target word.
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word considered (for numerical details see Tables 1 and 2 in Appen-
dix A). This result suggests that an extraordinarily large systematic
oculomotor error in skipping saccades will produce many misguided
saccades with high probability to undershoot the intended target
word. We will address this issue in more detail in Section 4.3.2. The landing-position function
For the systematic investigation of the launch-site effect across
target-word lengths, we convert launch sites and landing positions
into values relative to word centers of the target words (cf., McCon-
kie et al., 1988). Using a plot of center-based landing sites as a
function of center-based launch-site distance, the slope parameter
k and the optimal launch-site distance L0, Eq. (1), can be computed
directly using linear regression. In Fig. 2a, center-based mean land-
ing sites are plotted against center-based launch sites from simple
forward saccades and from skipping saccades across word lengths
of 4–9 characters.
We used a robust linear regression (MATLAB’s robustﬁt func-
tion) to estimate saccade-type contingent linear landing-position
functions (solid lines). We obtained numerical values k = 0.28,
L0 = 5.11 for simple forward saccades and k = 0.66, L0 = 2.47 for
skipping saccades. Obviously, there is a strong impact of word
skipping on mean landing position, which affects both slope and
intercept of the landing-position function. We ﬁnd a much more
pronounced leftward shift of the landing positions in skipping sac-
cades. This result indicates a stronger tendency to undershoot the
target word’s center if the eyes skip an intervening word compared
to the non-skipping case, but at equal launch-site distance. As a
consequence, the estimated optimal launch-site distance, L0, of
the regression line is reduced by about 2.6 letter positions in the
skipping case (L0 = 2.47) compared to the non-skipping case
(L0 = 5.11). Note that the optimal launch-site distance in the skip-
ping case cannot be observed in the experiment, i.e., almost allskipping saccades undershoot the target word’s center. Moreover,
we ﬁnd a steeper slope parameter k for the launch-site effect in
skipping saccades. For every one-letter increment in launch-site
distance, the average landing position of a simple forward saccade
is shifted by about one third (0.28) of a letter to the left, whereas
the same increase in launch-site distance for a skipping saccade
produces a leftward shift of two third of a letter.
The most important implication of our results for the analysis of
the launch-site effect in reading is that the slope parameter k is dra-
matically overestimated, if skipping saccades are not excluded from
the analysis. For example, McConkie et al. (1988) estimated a slope
of about 0.5; however, our results show that the slope is either
about 1/3 (for normal forward saccades) or 2/3 (for skipping sac-
cades). As a consequence, the value of 0.5 represents the composite
of two distinct saccade populations. Obviously, this ﬁnding will
have substantial implications for theoretical models of the
launch-site effect. In the next section, we address the inﬂuence of
word skipping on the variances of landing-position distributions.3.3. Random placement error
Landing-position distributions on words after skipping saccades
are generally broader than on corresponding distributions after
non-skipping saccades (Fig. 3a). This ﬁnding suggests a larger ran-
dom oculomotor error (or placement error) in skipping saccades
compared to normal forward saccades. Across all launch-site con-
tingent landing distributions, we obtained a mean standard devia-
tion of 3.3 letters for skipping saccades compared to a value of 1.6
letters in simple forward saccades. Interestingly, the random error
component in skipping saccades increases strongly with increasing
launch-site distance, while a similar increase is absent for simple
forward saccades (best ﬁt linear functions are obtained as
SD = 1.36  0.03L for simple forward saccades and SD = 1.08 
0.21L for skipping saccades). Note, that McConkie et al. (1988) re-
ported a non-linear launch-site contingent increase in saccades’
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Fig. 2. Center-based mean landing positions as a function of center-based launch-site distances for simple forward saccades and skipping saccades. Linear regressions
indicate pronounced differences in both slope and intercept of the relations for the two conditions. (a) Estimated means of uncorrected landing-position distributions for
different launch-sites, word-lengths, and saccade-types. (b) Estimated means of error-corrected landing-position distributions, where mislocated ﬁxations were removed
from the analysis.
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Fig. 3. Standard deviations of landing-position distributions for words of different length in simple forward saccades and skipping saccades as a function of center-based
launch site. (a) Estimated standard deviations of uncorrected distributions for different launch-sites, word-lengths, and saccade-types. (b) Estimated standard deviations for
error-corrected distributions without mislocated ﬁxations.
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that this result was qualitatively replicated by Nuthmann et al.
(2005) for the present data set. Again, the decomposition of landing
distributions contingent on saccade type (i.e., word skipping versus
normal forward saccade) demonstrates that McConkie et al.’s
(1988) ﬁndings are biased by averaging two more fundamental
populations of saccades. According to our analysis, the slope of
the regression line in simple forward saccades is negligible (how-
ever, the numerical value of 0.03 is statistically signiﬁcant:
t(51) = 3.75; p < .001). This result indicates a remarkable good
capability of the human saccadic system to perform saccades across
a wide range (3–13 characters) with minimal loss of accuracy.
The decomposition of launch-site contingent landing-position
distributions in reading based on cases of simple forward saccades
and word skipping demonstrate remarkable effects of skipping on
subsequent landing positions. Furthermore, these results suggest
that saccade planning is not exclusively related to the launch-site
distance towards the target word as predicted by the concept of
the saccadic-range error (McConkie et al., 1988). However, ourresults might still be biased by misguided saccades, which landed
on unintended words. This problemwill be investigated in the next
section.4. The inﬂuence of mislocated ﬁxations
It has been suggested by McConkie et al. (1988) that observed
landing-position distributions are biased by mislocated ﬁxations,
which are generally deﬁned as ﬁxations on unintended words,
i.e., a different word than the ﬁxated word was selected as the in-
tended target word. Using computational techniques to estimate
overlapping landing-position distributions between adjacent
words, it was demonstrated that mislocated ﬁxations are indeed
ubiquitous in reading and represent between 15% and 20% of all
ﬁxations (Engbert & Nuthmann, 2008; see also Engbert et al.,
2007; Nuthmann et al., 2005). For example, as a potential explana-
tion of the increased leftward shift in landing-position distribu-
tions after skippings, we could postulate that many word
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word N + 1 was the intended target word, i.e., overshoots would
occur more frequent for short target words. In this section, we
check the validity of the word-skipping effect reported in Section
3 by estimating the proportion of mislocated ﬁxations from the
experimental data and by correcting the corresponding landing-
position distributions.
4.1. An improved algorithm for the estimation of mislocated ﬁxations
The simultaneous computation of distributions of both mislo-
cated and well-located ﬁxations can be implemented by extrapola-
tion of experimentally observed landing-position distributions to
adjacent words using an iterative algorithm (Engbert & Nuthmann,
2008). The major problem of such an approach is that misguided
saccades to unintended words bias both the experimentally ob-
served landing distributions and the observed ﬁxation probabilities
for normal forward saccades, word skippings, and reﬁxations.
Therefore, Engbert and Nuthmann (2008) proposed a self-consis-
tent estimation procedure that could replicate both landing-posi-
tion distributions and ﬁxation probabilities at the same time. This
approach is self-consistent, since the ﬁxation probabilities are con-
sistent with the self-generated errors obtained from the within-
word landing-position distributions. The estimation is based on
an iterative algorithm where numerical simulations of a data-dri-
ven oculomotor model were applied (1) to decompose the distribu-
tions of within-word landing positions into well- and mislocated
ﬁxations and (2) to simultaneously adjust target-selection proba-
bilities for simple forward saccades, skipping saccades, and reﬁx-
ations. As a result, estimations of the proportions of mislocated
ﬁxations within the oculomotor model converged to numerical val-
ues consistent with experimentally observed word-targeting prob-
abilities and within-word landing-position distributions.
For the reliable estimation of mislocated ﬁxations in the current
study, we modiﬁed two properties of the original procedure as fol-
lows: First, the procedure developed by Engbert and Nuthmann
(2008) did not capture effects of word skipping. Because our results
strongly suggest that landing-position distributions are modulated
by word skipping, and in order to test the reliability of the skipping
effect if mislocated ﬁxations are taken into account, we introduced
saccade-type contingent parameters in the improved algorithm
developed here. Second, in the original model 445 free parameters
were identiﬁed (based on 1639 data points) to generate landing-
position distributions for a wide range of possible combinations
of launch-site distances and target-word lengths. To reduce the
number of free parameters, we estimated linear ﬁts for the param-
eters of all landing-position distributions (means and standard
deviations) from saccade-type contingent data as presented in
the ﬁrst section of our results.2 This procedure reduced the number
of free parameters from 445 to 15 in the new version of the algo-
rithm. Including these improvements, the self-consistent algorithm
for the estimation of mislocated ﬁxations consisted of four main
steps:
1. Landing-position distributions were ﬁtted by truncated Gauss-
ian functions for each combination of word length, launch-site
distance and saccade type. Saccade-type dependent linear
regressions were computed for the launch-site effect on means
and standard deviations of these distributions.2 Note that we also conducted an alternative version of the model which
additionally accounts for the supposed word-length effect on skipping saccades’
mean landing sites and landing-site variability by drawing landing distributional
parameters from launch-site, saccade-type and word-length contingent linear
regression functions. However, the results obtained from this model were largely
equivalent to those reported here.2. Based on the underlying probabilities for word-targeting, an
oculomotor model was simulated to generate landing-position
distributions using parameters obtained from the regression
analyses in step 1.
3. The resulting simulated distributions from step 2 were used to
estimate the proportions of mislocated ﬁxations. Mislocated ﬁx-
ations were removed from the distributions.
4. Word-targeting probabilities were adjusted, so that the
oculomotor model could reproduce the observed ﬁxation
probabilities.
This algorithm was repeated from steps 1 to 4 until the numer-
ical values of landing-position distributions and word-targeting
probabilities converged.
4.2. The launch-site effect in reading
After removing mislocated ﬁxations from the experimentally
observed landing-position distributions, we obtained unbiased
numerical estimates for center-based mean landing sites (Fig. 2b)
and corrected standard deviations for landing-position distribu-
tions (Fig. 3b). In Fig. 2b, the pronounced leftward shift of mean
landing positions in skipping saccades compared to normal for-
ward saccades is still reliable even after the removal of mislocated
ﬁxations. However, the adjustment of the distributions for mislo-
cated ﬁxations shows that the effect of word skipping on mean
landing positions is actually smaller than suggested by the analy-
ses of uncorrected landing distributions. We found a substantial
corrective rightward shift of mean landing positions in skipping
saccades in the direction of the word center, which is even stronger
for more distant launch-sites and demonstrates that the results ob-
tained from raw data are substantially biased by mislocated ﬁxa-
tions. More speciﬁcally, after removing mislocated ﬁxations the
slope k of the associated linear landing-position function in skip-
ping saccades is reduced from 0.66 to 0.48. In contrast, the slope
in simple forward saccades remains nearly unaffected (reduction
from 0.28 to 0.27). Thus, while there is a reliable difference of
the launch-site effect between simple forward saccades and skip-
ping saccades, uncorrected experimental data lead to an overesti-
mation of this difference. Furthermore, we retained a reliable
difference between optimal launch-site distances, L0, for simple
forward saccades (L0 = 4.66) and skipping saccades (L0 = 2.56).
The effect of the correction for mislocated ﬁxations also affected
our results on landing-site variability (Fig. 3b). After removal ofmis-
located ﬁxations from landing-position distributions, we still
obtained reliable differences for simple forward saccades and for
skipping saccades (best ﬁt linear functions are obtained as
SD = 1.18  0.03L for simple forward saccades and SD = 0.8  0.14L
for skipping saccades). Thus, once again our ﬁndings from Section 3
are not artifacts of mislocated ﬁxations. As a consequence, our re-
sults demonstrate that word skipping affects the variability of sacc-
adic landing positions, which might be difﬁcult to explain in the
framework of the saccadic-range error (McConkie et al., 1988). Even
after correcting for mislocated ﬁxations, we retained the slight (but
signiﬁcant; t(52) = 3.51, p < 0.001) tendency to increased variabil-
ity of landingpositions in simple forward saccadeswhen launch-site
distance increases, while there is a clear increase of the variability
with increasing launch-site distance for skipping saccades.
Another important result of the correction concerns the partic-
ular large variability of the estimates for both mean and standard
deviations of uncorrected landing distributions in skipping sac-
cades (Figs. 2a and 3a). After correction for mislocated ﬁxations,
this variability was reduced substantially and goodness-of-ﬁt mea-
sures for simple linear regression analyses in skipping saccades
(R2 = 0.51 for landing-position function, Fig. 2b) turned out to be
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(R2 = 0.37, Fig. 2b).4.3. Intended ﬁxation probabilities
As discussed in the beginning of Section 4, the correction of
experimental data for mislocated ﬁxations requires the simulta-
neous adjustment of landing-position distributions and the tar-
get-selection probabilities of upcoming words. Here, we improved
the original estimation procedure developed by Engbert and Nuth-
mann (2008) by computing results separately for simple forward
saccades and skipping saccades. As a result, our estimates of in-
tended skipping probabilities differ slightly from the predictions
based on the previous version of themodel.We reproduced Engbert
and Nuthmann’s (2008) ﬁnding that failed skippings (i.e., under-
shoot errors) are much more frequent than unintended skippings
(i.e., overshoot errors). The most important difference, however,
concerns intended skipping probabilities for word-lengths shorter
than ﬁve characters, for which the improved algorithm predicts
much higher intended skipping rates (Fig. 4, squares, dashed line)
than suggested by Engbert and Nuthmann’s (2008) results. For
short words, we ﬁnd intended skipping rates up to more than 90%
(for 2-letter words), i.e., the oculomotormodel predicts that readers
almost always attempted to skip 2-letter words, however, oculo-
motor errors very frequently (more than 30% in 2-letter words) pre-
vented the skipping due to undershoot (left-pointing triangles,
dotted line).5. Discussion
Within-word landing positions during reading are modulated
by word length and launch-site distance. A traditional description
of this effect is based on the concept of the saccadic-range error
(McConkie et al., 1988), a systematic tendency for undershoot of
a far saccade target and overshoot of a near target. The aim of
the present study was to investigate the limits of such an explana-
tion based on an analysis of word skipping during continuous read-
ing. In this attempt, differences in the launch-site effect between
skipping and non-skipping saccades represent inconsistencies with
the range-error explanation, since it is only the distance between
launch site and target word that is relevant to the range-error
model of the launch-site effect. Generally, we replicated differ-
ences in the launch-site effect observed by Radach (1996; see also
Radach & McConkie, 1998; Radach & Kempe, 1993). First, we found
remarkable differences between skipping saccades and normal for-2 3 4 5 6 7 8 9 10 11 12
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Fig. 4. Skipping probabilities for 2–12-letter words under the inﬂuence of
oculomotor errors. Mislocated ﬁxations generate deviations between intended
(squares, dashed line) and simulated (circles, dashed line) ﬁxation probabilities for
word skipping which match experimentally observed skipping probabilities (stars,
solid line). While overshoot errors are negligible (right-pointing triangle, dotted
line), undershoot errors are very likely (left-pointing triangle, dotted line).ward saccades. In particular, we observed an increased launch-site
effect for skipping saccades, i.e., the general leftward shift of the
mean landing position with increasing launch-site distance is more
pronounced for skipping saccades compared to non-skipping sac-
cades. Second, our analysis demonstrated increased standard devi-
ations for landing-position distributions after skipping saccades
compared to non-skipping saccades.
Before we interpreted our results, we addressed an important
drawback of the analysis of within-word landing-position distribu-
tions. A substantial proportion (about 15–20%) of all saccades land
on unintended target words and, therefore, represent mislocated
ﬁxations (Nuthmann et al., 2005). Following McConkie et al.’s
(1988) suggestion and recent computational techniques for the
estimation of mislocated ﬁxations from experimental data (Eng-
bert & Nuthmann, 2008), we corrected our data for the effect of
mislocated ﬁxations and demonstrated the reliability of the differ-
ences in the launch-site effect between skipping and non-skipping
saccades. As a remarkable ﬁnding, we observed that the launch-
site distance has a very little effect on the random placement error
for non-skipping saccades. This result underlines our earlier spec-
ulation that the size of saccadic errors observed in word-targeting
during reading is hardly limited by the performance of the oculo-
motor system, since single responses to point targets produce a
negligible oculomotor error (Kapoula, 1985).
What are possible theoretical explanations for the increased
launch-site effect in skipping saccades? First, Vitu (1991; see also
Vitu et al., 2006; Vitu, 2008) postulated a center-of-gravity effect
(CoG) in saccade preparation as an explanation for the launch-site
effect. In this model, the spatial conﬁguration of word objects is
responsible for any systematic deviation from the saccade target
(e.g., word center). Because the spatial layout is substantially dif-
ferent for skipping and non-skipping saccades, the CoG effect is a
candidate for an explanation of the current ﬁndings. However,
quantitative predictions are currently not available, because the
CoG model was not formulated in mathematical detail so far. Nev-
ertheless, the CoG effect might be relevant to the phenomenon.
Second, Radach (1996) proposed that the increased launch-site
effect in word skipping is caused by a strategical effect, so that
‘‘saccades may sometimes be aimed at units of two words in which
case a small function word is not ‘skipped’ but remains unﬁxated
because it is part of the larger two-word target unit” (Radach &
McConkie, 1998, p. 83). While such an explanation clearly repre-
sents an alternative explanation of the effect, quantitative predic-
tions are necessary to explore whether the strategy shift model is
consistent with both within-word landing-position distributions
and ﬁxation probabilities (e.g., skipping probability, reﬁxation
probability), which might be difﬁcult to square with experimental
data. Interestingly, the concept of mislocated ﬁxations would play
a completely different role, if two-word targets must be taken into
account. Thus, we believe that Radach’s (1996) hypothesis needs to
be explored quantitatively in future research.
Third, Morrison (1984) suggested that in case of word skipping
a compromise landing position in between words N + 1 and N + 2
might result from interfering saccade-planning processes to each
of both words. Morrison assumed that if attention is shifted from
word N + 1 to word N + 2 after ‘‘amplitude computation for the ﬁrst
one is always underway; then the saccade will be directed partly to
the location of the ﬁrst word and partly to the second.” (Morrison,
1984, p. 680). As a consequence, this model could also qualitatively
account for an increased leftward shift of landing distributions
after word skipping.
Fourth, a new theoretical model of the launch-site effect based
on Bayesian estimation of the saccade target was proposed re-
cently (Engbert & Krügel, 2010). According to this model, saccade
targets are computed from the product of the likelihood of the
observation (i.e., the conditional probability p(x|x0) of a target at
Table 1
Means and standard deviations of landing-position distributions ﬁtted to the normal curve in simple forward saccades. Launch site is indicated with negative numbers reﬂecting the number of letter positions to the ﬁrst letter of the target
word. Each value in the Mean column is the estimated mean of the within-word landing-position distribution. Negative values indicate distributional means that are located to the left of the space before target words. Each value in the
Res column is the average of the absolute values of the residuals for the data points in the landing position distribution. Each value in the N column is the number of observations for a given distribution.
Launch site 4-Letter words 5-Letter words 6-Letter words 7-Letter words 8-Letter words 9-Letter words
Mean SD Res N Mean SD Res N Mean SD Res N Mean SD Res N Mean SD Res N Mean SD Res N
5 3.0 1.4 0.001 2588 3.1 1.6 0.003 1477 3.3 1.6 0.004 1331 3.4 1.6 0.009 1015 3.7 1.6 0.009 1028 4.0 1.5 0.008 1142
6 2.8 1.5 0.004 2044 2.9 1.6 0.006 2320 3.1 1.7 0.003 1893 3.2 1.5 0.008 1468 3.5 1.5 0.007 1498 3.8 1.5 0.007 1454
7 2.4 1.7 0.003 1376 2.6 1.7 0.006 1477 2.8 1.6 0.007 1331 2.9 1.5 0.007 1015 3.1 1.6 0.006 1028 3.6 1.5 0.006 1142
8 2.1 1.6 0.001 758 2.5 1.8 0.003 871 2.7 1.6 0.004 789 2.7 1.6 0.005 697 3.1 1.5 0.008 657 3.2 1.6 0.007 778
9 1.9 1.9 0.003 332 2.1 2.0 0.004 467 2.5 1.6 0.008 363 2.7 1.8 0.003 427 2.6 1.5 0.011 326 3.0 1.6 0.006 455
10 1.7 1.9 0.001 121 1.8 2.4 0.004 202 1.8 2.0 0.005 221 2.7 1.9 0.008 207 2.8 1.9 0.008 150 3.1 1.6 0.012 278
11 1.3 6.0 0.017 40 2.3 2.0 0.009 119 1.6 1.9 0.015 96 2.3 2.0 0.004 85 2.4 1.9 0.019 65 2.4 2.1 0.010 180
12 2.4 1.1 0.012 21 1.8 2.2 0.006 52 3.5 4.4 0.007 46 2.6 1.6 0.020 37 3.5 2.0 0.040 10 2.5 1.9 0.013 103
Table 2
Means and standard deviations of landing-position distributions ﬁtted to the normal curve in skipping saccades. Launch site is indicated with negative numbers reﬂecting the number of letter positions to the ﬁrst letter of the target word.
Each value in the Mean column is the estimated mean of the within-word landing-position distribution. Negative values indicate distributional means that are located to the left of the space before target words. Each value in the Res
column is the average of the absolute values of the residuals for the data points in the landing position distribution. Each value in the N column is the number of observations for a given distribution.
Launch site 4-Letter words 5-Letter words 6-Letter words 7-Letter words 8-Letter words 9-Letter words
Mean SD Res N Mean SD Res N Mean SD Res N Mean SD Res N Mean SD Res N Mean SD Res N
5 3.8 4.6 0.002 231 1.3 2.2 0.006 224 2.2 2.3 0.006 184 1.7 2.3 0.006 159 2.7 2.0 0.007 144 3.1 2.0 0.011 84
6 0.7 2.6 0.001 697 0.6 2.6 0.004 672 0.3 3.4 0.008 532 0.0 3.0 0.005 671 1.5 2.5 0.007 425 2.0 2.6 0.012 255
7 6.4 4.8 0.001 977 0.9 3.2 0.001 1007 3.0 3.9 0.002 777 0.8 3.1 0.003 756 0.5 3.0 0.003 551 1.3 3.0 0.009 364
8 2.9 3.7 0.002 995 3.1 3.8 0.001 1085 0.3 2.7 0.004 885 1.9 3.3 0.004 791 2.8 4.0 0.005 535 0.8 3.4 0.008 392
9 7.0 5.1 0.002 950 1.1 3.1 0.002 834 10.0 5.8 0.005 727 4.6 4.2 0.003 621 0.6 3.2 0.005 515 2.7 4.3 0.012 370
10 9.9 5.2 0.003 725 2.8 4.1 0.002 838 4.8 4.3 0.003 526 0.3 2.4 0.004 490 1.6 3.7 0.005 426 0.1 3.2 0.007 334
11 2.9 3.5 0.006 506 2.5 3.8 0.006 744 0.1 2.9 0.004 417 2.3 3.4 0.007 397 1.2 2.6 0.006 352 0.2 2.8 0.008 290
12 0.8 3.1 0.003 366 1.2 3.2 0.004 485 5.0 4.4 0.003 345 0.3 2.8 0.002 307 1.7 3.9 0.008 307 1.2 3.8 0.016 202
1538
A
.K
rügel,R
.Engbert/V
ision
R
esearch
50
(2010)
1532–
1539
A. Krügel, R. Engbert / Vision Research 50 (2010) 1532–1539 1539position x given an observation of the target at position x0) and the
prior distribution p(x) representing our previous knowledge on all
realized target distances. However, in the Bayesian model, differ-
ent prior distributions and/or likelihood functions would necessar-
ily be needed as an assumption to explain the differences of the
launch-site effect between skipping and non-skipping saccades.
Thus, new experimental work on the Bayesian model must be car-
ried out as a next step in the veriﬁcation of this hypothesis.
Fifth, while our results suggest that the saccadic-range error
cannot explain the difference of the launch-site effect between
skipping and non-skipping saccades, it might still play a subordi-
nate role in producing the overall effect. A combination of multiple
processes of the list of candidates discussed here seems to be
highly plausible.
In conclusion, we believe that the investigation of the launch-
site effect in reading will develop into a productive research pro-
gram, both experimentally and theoretically, and will provide
important boundary conditions for computational models of eye-
movement control (e.g., Engbert et al., 2005; Reichle et al., 2009;
for an overview see Reichle et al., 2003).
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